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The TIROS VII meteorclogical satellite carried a ségsor i0
map the emitied terrestria. cadiation in the 15 micron carben
dioxide band., The speciral respoase 0f the sensor ranged from
14,8 to 15.5 microns. The radiation observed by the satcliite is
a func tion of the temperatures of the atmosphere varying along the
optical path. Atmospheric layers at various altitudes contribute
1o the ob-crved radiation in varying amounts, More than 98 percent
of this contribution stems *rom altitudes avove 1CQ km and more than
60 percent from a layer ranging in altitude from 18 o 35 km; thus,
the radiation measurements were interpretad in terms of average
temperatures of a major portion of the stratosphere,

Temperature patterns were analyzed from June 1963 to March
1964, The measuremenis demonstrate on a giobal scale, the varying
patterns of stratospheric temperatures and circulation. Smooth
temperature gradients were found to coincide closely with
latitudinal circles on both summer hemispheres. Temperatures
increased at high latitudes toward the summer pole (250°K) and
rapidly decreased toward the winter pole (100°K).

A fairiy uniform region wi.h temperatures generally around
2300X extended between 250 latitude of the summer hemisrhere and
409 latitude of the winter hemisphere during solstices. During
both equinoxes, the large latitudinal temperature gradien.s at
high latitudes disappeared and differences of about 10-159K
existed with latitudes as well as with longitude. Winter tem-
~erature patterns in both hemispheves exhibit strong temperature
gradients between the pole and 40°, but a completely uniform
pattern never existed in either winter hemisphere, A warm area
over the Indian Ocean, thorgh initially small, seemed to play a
similar role in the southern winter as the Aleutian warm center
during the northern winter. The morphology of a stratospheric
warming which occurred over southwestern Asia and penetrated to
Europe immediately after the tropical belt had cooled by about
10°K was observed.
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I. INTRODUCTION

A radiometer aboard the TIROS VII satellite measured infrared
radiation em.tted mainly by carbon dioxide in the earth's atmos-
phere at wavelengths ranging from 14,8 to 15.5 microns. The
instrument in this measurement was very similar to the 5 channel
radiometers flown on previous TIRCS satellites and describzd by
Bandeen, et.al.{Reference 1), except that one ui ibe upfiical
channels was modified to have a spectral response as shown in
Figure 1a, The initial ot _ective of radiation measurements in
this region of the spectrum was to study the characteristics of
the earth's horizon as described by Hanel, et. al.,(Reference 2)
and later repcrted by Bandeen, et. al.'Reference 3). Now, with
continnous observations over a period of more than six months,
sovering daily the global zone from 65° N to 35° S, it is possible
to use the radiation measurements to descrihe a number of inter-
esting features of the atmosphere, It will be shown that most of
the radiation reaching the satellite in this spectral region is
emitted within a defiued aititude interval i~ the stratosphece
whose average temperature can ke derived from the observed
radiation intensities. Quasi-global maps cf these average tem-
peratures for different seasons not only reflect the expected
variations in the mean stratospheric temperatures, but also reveal
the development and behavior of majoi synoptic systems in that
region of the atmosphere. A complete description of the 5
channel radiation experiment on TIROS VII as well as a critique
and summary of all data resulting from this experiment wiil be
containe! in the TIROS VII Radiation Data Catzlog and Users'
Manual (Reference 4).

IX. RELATION BETWEEN RADIATION AND STRATOSPHERIC TEMPERATURES

The spectral response of the instrument was chosen to
coincide as closely as possible with the 15 micron absorption
bard of carbon dioxide. The radiaunce N fr~u the earth and
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atmosphere measured by the radiometer whose spectral response
function ¢()) is shown in Figure la can be expressed as:

=4

z g(\) B, T) —5-;— (p, »; T; 2) dr as (1)

{
=R
Ct+—-138

where = carbon dioxide density

= Planck function

= distance along radiation path

= wavelengths betwsen which ¢ # o

= atmospheric pressure

A1 and )\

= atmospheric temper.ture

3 M gD n W o

= atmospheric beam transmissivity

It is reasonable to assume that a» constant ratio r = 0,000471
exists between lie densities ¢ for carbou dioxide and Pt = tor
air: p=r Pair Furthermore, a number of typical distributions
for temperature with height h for surface pressurcs of 1013.25 mb
were chosen so that Paip’P and T could be expressed as functions
of h where Pair and p were computec as a function cf h frcm T by
the hydrostatic equation, A relationship between s and h,

s = s (h), was established through the choice of several asngles
at which the satellite at approximately 635 km viewed the earth.
The integration of (1) over )\ was then performed for seven

nadir angles, 0°, 290, 40°, 470, 52°, 35°, and 58°. The funcrtion
 (A,h) was determined using, in principle, *%: method described
by Hanel, et., al.,(Reference 2), That method is based on the
general treatsant by Elsasser (deference 5) of the absorptinn
within the 15 micron €CU; bhand. Thus,

A
2 5030, 08w, A = 1. (2)
AL
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Hence, N = %

X was then computed for each of the assumed temperature profiles
and for each nadir angle from (3), The assumcd temperature
aistributions with height and the resulting distribution funcvuiors
¥(h) are shown in Figures 2a through 2c¢. In accordance with
previous practices of reporting TIROS radiation measurements
(References 4, 6-8) N may be expressed by the temperature Thp

of a blackbody whose radiant emittance W is given by:

S

%)
W= [ sO)B(Tpp,n) dr = ¥ (4)
M

indeed, since the radiometer- were calibrated 1g such blackbodies
at various temperatures, the measureme:t of Tyg may be considered
as the primary quantity while N requires a derivation by means of
e mation (4)., The values of Tpg corresponding to the temperature

profiles of Figure 2a are summarized in Table I.

TABLE I: COMPUTED MEAN TEMPERATURES (Tpgg) EXPECTED TO BE OBSERVED
BY 15 MICRON RADiOMETER FOR TEMPEKRATURE PROFILES
SHOWN IN FIGURES 2a AT NADIR ANGLES OF 0O AND 58°,

Nadir High Lat, High Lat. High Lat.
Angle Tropical ~ Summer Winter Cold Winter Warm
0° 227° X 238 213 229
58° 231 240 214 231

The radiz“*ion measurement expressed by TBB thus reprecsents
a mean temperature of the atmosphere in which the vertical
temperatu. » distribution is open to choice and where the tem-
nerature a’ each altitudo must be given a different weight

-3 -
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regardiag its contribution to the measvred mean The weighting
fonctiou is given by Y{h), and althcugh ¥¢h) depends to a certain
degree on the assumed vertical temperature profile, it may be

[

seen *hat for most realistic temperature profiles at a nadir angle
n = O {Figure 1)), temperatures between 20 and 25 km are weighed
most heavily with abcu* 65 percent ¢, the weight peing conceuwiated
in the region from 15 to 35 km and more than 96 percent of the
weight lying at altitudes above 10 km. It may. also, be se n from
Figure 2c that the maximum weight shifts to some~l.at higher
altitudes for a nadir angle of 58°, Rut, since this shif* amcunts
to less than 5 km from n = O to » = 589, it is not possible to maxe
a precise quantitative determination of the variation of temperature
with altitude from measurements of Tpp at various nadir angles.
Hov ever, it will be shown in the section bhelow that frou such
measurements one may infer qualitatively whether the temperature
is increasing, decr2asing, or constr~t with height over the
altitude range where the r 1.uctions rea:h their maxima. Further-
more, with a p. :dent and realistic choice of ‘assvmed vertical
temperature profiles, such as shown in Figures 2a, cne can easily
deternine from the TBB moasurements which one of ihese prcfiles
represents the best fit qualitatively to actual conditions at a
certain location on the glcbe and; more important, one way
determine from continuous observations how the choices of such
"best fits” vary with time. Thus, the maps of Tgp measurements
plotted for the "quasi-global®™ (85° N to 652 S) zone for

differenv times of the year, presented in Figures 3.-12, eunable

the synoptic analysis of phenomena related to the temperature
structure in the stratosphere between about 15 and 35 km., The
occurrence ©0f such events as explosive warmings, the establish-
ment of the Aleutian anticyclone in winter, the onset of the
segsonel circulation reversals and similar events may be
categorized as such phenomena, Although tl< TIROS VII ~_liemeter

e
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views thu eutire glch~l zor. from €59 ¥ 0 6 © S during le co.rse
of 12 rours, aata Irum only about 60 per ent of %the orbits during
any ore day c~n be acquired becaure only -tatious within *he Uniten
Staftes are ¢ .pable o0f receiving tn~ dataz which are stcred bcard
the satellit for no longer thar one orbital period. This auses
two significaat gaps in the data displayed ir the maps, Figures
3-12., One such gap exists at 90% W just off ile west coast of
South America, the oller is at 90° E cver the central Sovie* Union.

As will be stated in the TIROS VII Radiation Data Catalog
and Users' Manu 1 (Reference 4) the precision of each individuval
measuremer © is prcobalbly not much better than t?OK. Howeve. , wue
may assume that the physical properties of the stratosphere
remain gen<¢rally constant for several days and are uniform cover
distances of less thaan 500 km. Since the field of view of the
radiometer is abhouil o degrees, covering an area of about 50 x 50
km on the surface of the earth for small nadir angles, and sirce
in general measurements for the entire guasi-globe are obfained at
least once every 24 hours, up tc about 1000 measuremer®s may result
within one vweek within an area of about 500 xz 500 ki., Thzrefore,

a pracision of better than 19K can be ..stimated for the temperacture
values shown in the maps, Figures 3-9 and 11-12, which were
obtained by averagi=ng measurements within each grid eto~z. L
(ranging from 3° lntitude x 5° lchgitude at *he cguator to 2,5°
latitude x 5° longitude at 60° latitude) over the period of one
wveek.

Although the precisior ~f t.e +.mperature measuremeni is
wreatly enhanced by reducin, the random error in fthe averagir.g
process, there are a number of systematic errors which mu_%t ce
,considered., It has been attempted to reduce these errors by
applying the appropriatz correctione, but uncertainties still
remain, causing the overall accuracy to he considerably poorer
than the fracticn of 19X stated tor the precision. Aside from
correcting for an instrumental degrz iation which wiil be dis~
cussed fater, a correction was appliea to the d..a for an as

-5



yet unexpluined deviation from the original preflight calibratior,
The radiometer. which 2lternatiagly views the earth throu~.: one of
twe viewing ports showea that a2 consistently lowar respunse on
one of these viewing perts with respect to the cther were
apparently causing half of the measured tempera.ures *o be too lov
and haltf to be ftos high. According to the preflight calibration,
there should be no such difference. For lack of a ketter
correction rvocedure, the difference beiween thz iemperatures
neasured through the twoe viewing ports over the same area at the
same time were determined for all cases <hown in the maps in
Figures 3 through 12, Temperatures for the lower side were then
corrected upward by half this difference, while these for the
higher side were corrected downward by the same amount, Total
gifferences were generally 5 to 80K, so that the corrections
were in the order of 2.5 tc 49K,

The maps were prepared from the magnetic tapes (FMRT's)
containing all the TIROS VII radiation data {(Reference 4) by
an IBM 7094 computer &nd contour lines were drawn manualiy. This
mapping procedure was the same as tlie one used in previously
pubiished similar mags {Reference 9).

i1, ANALYSXS OF STTATOSPHERIC TEMFERATURES, JUNE 1963 TOQ
MARCII 1964

A, Dolstice ou~e 1963

A typical temperature pattern at the start of the
northern hemisphere summer and southern hemisphere winter for the
quasi-glo®2 is shown in Figure 3a. 3tratospheric mean tem-
peratures averaged over nadir angles between 0° and 47° and
averaged over the week from 12 June to 25 June, the first week
of TIROS VII, range from 240°K near 60° N to 2152 near 60% S,
The generally zonal structure of the temperature pattern, with
isotherms runnirg practically parallel with laftitude circles,
confirms the established knowledge of the phys..s of the lower
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stratosphere; namely, the existence of a very strong cyclonic
circulaticon system around a low pressure core centered near the
winter pole, This low pressure is caused by the intense covling
cf the stratosphere over the winter pole, Conversely, anti-
cyclonic circulatior prevails over ‘he summer p le where solar
her<ing causwes 2 warm stratospheie vesulting i: a high pressure
system. The predominantly zonal isoiherms at 1igh northern
latitudes (summer) suggest that sclar heating is primarily res-
pesible for this pattern. At high scuthern iatitudes (winter)
however, there are slight but aspparentiy significant disturbances
ir this zonal pattern. Isotherms over the South Pacific between
30° 8 and 607 S deviate from a perfect zonal course; they show a
detinite slope from the southwest to the northeast in that area.
Temperatures iacrease rapidly from the winter pole toward the
equator causing very steep temperature gradients with latitude

in the winter hemisphere., A temperature of about 2309% is
reached near 20° S, From there to the summer pole, the temperature
increases gradually, and the gradients are not as steep as over
the winter hemisphere. This is expec.ed nd it demonstrates
clearly that the winter cyclone is con<_uerably stronger than the
summer anticyclone., The measured mean temperatures of 21£9%

near 60° S and of 240°%K near 60° N agree reasonably well with the
computed values of 213° and 238°%K respectively {Iable 1) for the
temperature profiles for high latitude cold winter and summer
shown in Figure 2a. The measured temperatures of 2309K within
the belt 46°% S to 25° N are 39K higher than those computed

(Table I) for the tropical temperature profile shown in Fignre 2a,
This disagreement with the computation seems to be consistent
with the cases at 60° N and 60° S where the measured temperatures
were 29K too high. The reason for this consistent discrepancy
could be due to a number of assumpticns contained in the radiative
transfer calculations which may have resulted in the ceomputed
values of Tgp being several degrees too iow,
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A coarse picture of the temperature gradient with altitude
can pe obtained by compaving Figures 3a and 3b. In Figure 3o,
temperatures ueasured at nadir angles between 52 and 58 degrees
were plottcd. The weighting functions in Figures 2b and 2¢ show
{that 211 measurements shown in Figure 3h reflect temperatures at
alvitudes approximately 3-4 kKm higher than ine lLemperatures shown
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in Flgure 3a. Trus, by comparing Figures Sa and 3b, ¥
distinguish th.ee categories in the tegperaturc profiles:

1, Jucreacing temperatuses Jith altitude between 15
and 35 km where itLe mossured temperuture differences are positive.

2, Decreasing temperatures with altitude batween 135
and 35 km where tho measured temperature differences are negative.

3, Isotharmnl reglons betwesn 15 and 35 km if the
temperature differences : "¢ close to zmero,
It can be seen that differences of about +29K occur in the tropics
where strongly positive temperature gradients with altiftude pre-
vaii. This difference agrees reasonably well with the values
calculated for s tropicsl profile (Table 1). Over the higher
northern latitides {summer) moderately increasing temperaiures
with altitude and over high southern latitude:; (winter) isothermai
temper: cureés are suggested. This is in fair agreement with the
calculations (Table I).

B, Seasonal Reversal, September - October 1963

As the solar illumination gracuially becomes symmetrical
with respect to northern and scuthern hemispheres during September,
1963, temperature patterns at high latitud~s markedly reflect the
resulting change in solar heat input, In some areas, this change
takes place rapidly while other regions undergo a much siower
transition., During the first two months following the solstice,
there were practically no temperature gradients along any given
latitude circle in the northern hemisphe.e; but stror; longitudinal
temperature patferns begin to develop now duringrthe transitionsal
season, especially after the September equinex. During July and

-8
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August, the temperature patterns remain essentiaily the same as
those during 19-25 Jurc, shown in Figure 3a. There is one
important change, however, which exhibits the same character-
istics as similar changes observed on measurements in other
spectral regions in previocus TIROS satellites (References 7 and
3. All measured temperatures over the entire world seem to
decline during the first three weeks of observation, It is
extremely probable that a gradual degradation in the response of
the radiometer is the cause for this decline. By mid=July 1963,
the magnitude of this sensitivity decrease is about 79K, After
that, the degradation seems to have leveled off and continued at
a much lesser rate. An approximate time history of this
instrumental degradation based on the preliminary information
available at this time is given in Pigure 1b, A more cémplete
version will be given in the TIROS VII Radiation Data Catalog
and Users' Manual (Reference 4). An appropriate ccrrection based
on Figure 1b.should, therefore, be added to all temperature
measurements qguoted thereafter and shown in the maps, Figure 4 to
12, Although this degradation leaves some uncertainties in the
oxact absolute magnitudes of the temperature measurements, it
does nct appreciably affect the ability to assign the appropriate
tenperature profile (Figure 2a) to a measurement at a given
location or the implications Arawn frm the distribution of rela-
tive temperature patterns,

The first indication of any significant change in
the post solstice temperature pattern occurs during the week
28 August to 3 September: the temperatures at high norihern
latitudes decrease by about 59K tc a temperature of about 228°K
(+7° correction) at 6G° N. At northern mid-latitudes (202 - 50° N)
there is alsc a slight temperature decrease from ths summer
(19-25 June) conditions. Howaver, here this decrease does not
take place uniformly at all longitudes. There are pecket-like

—9-
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regiors wnere warmer te: peratu as seem to persist longer than over
nt. 2~ regious causing scre inhumogeneities in contrast to the
4 .+ miform sonal patter~ ctserved in June. Going southward,
cemperatu..3 in general decrcase very gradually from about 228 +
79% at 680 ¥ to about 223 + 79K et 400 S with the latter tem-
peratures prevailing over most of the zone from about 25° N to
400 S, From there sdauthward temperatures decrease rapidly with
latitude., Thus, the remainder of the southern hemisphere remains
essentially unchanged, still reflecting typical winter conditions
(205 + 79K at 60° 8) except for a warm region of 225 + 79K, which
developed during later winter over the Indian Ocean between 400 to
50° S, The disturbance noted during June at these latitudes over
the western South Pacific has grown throughout July and early
August, and a warm region extends now over the entire indian Ocean
showing a delinite longitudinal pattern., For example, ' mveratures
over the southern Indian Ocean at 60° S are apoui «.d° - 7¢7, At
the same latitude over the Atlantic and central Soutbh ¥ 1ifi.,
temperatures are 213 + 7°K and 203 + 79K respeciively

During September, the European and West As’ .: .ortions
of the northern hemisphere and parts of North America begin to cool
off rapidly. There temperatures at 60° N have cooled to about
223 + 79K while over the northwest Atlantic and North Pacif.
somewhat warmer iemperatures still prevail (228 + 79K) during the
week of 11-18 September (Figure 4). At the same time, the break-
down of the winter over the southera hemisphere is gaining impetus,
The sama, even intensified longitudinral patterns as observed in
August are apparent. Temperatures iu the Indian Ocean warm area
amount up to 234 + 79K, This area has now spread out between the
longitudes of 25° to 180° E along the 50th parallel,yet tempera-ures
at this latitude over the South Atlantic and the eazstern South
Pacific still remain relatively cold (220 + 79K), Temperatures at
low and mid-latitudes, in general, range arounu 225 + 7°K
(Figure 4).

-10-



————— o mw s e e e

The week following uie equinox (25 September -
1 October) shows that the temperature gradients betveen the two
hemispheres (Figure 53) have reached their minimum during this
transition period. With the exception of the very warm region at
50-550 S over the Iudian Ocean reaching maximum temperatures of
236 + 79K at 70C E temperatures over the entire quasi-glnbe are
asarly constant at 225 + 79%K. It is significant to note that at
most longitudes the temperature gradient along a given latitudse
belt can now be muc.. greater than gradients between 60° N aad
60° S: temperatures aloag 50° 8 vary from 236 + 79K at 72° E to
223 + 79K near 170° W, while along the 180th meridian, for
instance, temperatures at 60C S are about 222 + 79K, at 60C N
about 228 + 79K and at the equator about 223 + 79K, This is a
total variation of 69K alung the meridian compared to a variation
of 139K along the 50° S parallel (Figure 5). The phenomenon of
very pronounced temperature differences between the Indian and
Pacific Oceans at all latitides between 40° S and 65° S persists
during the entire transition period rom winter to summer. The
maximum temperature difference is about 159K throughout this tine,
with the Indian Ocean area showing the warmest and the eastern
South Pacific showing the coldest temperatur.s (Figure 5). This
phenomenon first appears in large scale during the middle of
August and lasts until about 20 October. During early and middle
October, the eastern portion of the southern hemisphere (40 W to
120 E) is relatively warm (230 + 79K at 60° S8} .ith a warm center
nf 234 + 79K at 80° E, while the western portion remains
relatively cold with the cold center at 220 + 79K at 170° E,
During late October, the week of 23rd to 29th, the entire southern
hemisphere finally achieves a typical summer temperature pattern
with wide and uniform latitudinal temperature belts ranging from
about 230 + 79K at 60° S to about 225 - 79K at 30° S, There is
a uniform belt with temperatures of almosc exactly 225 + 79K
between 30° & and 30° N, Over the Atlantic. Pur:ne and Western

-]lle



Asia, temperatures drop rapidly from 225 + 79K at 300 N to
215 + 7°K at 60° N, while over the Pacific they remain at 225 +
7°K up to 60° N.

During the entire fall ftransition perivd the north
Pacific area has not cooled off as rapidly as the rest of the
northern hemisphere and in general remains warmer throughout nuch
of the winter, During the course of October, this pattern
intensified whereby temperatures in all northern regions except
over the north Pacific and eastern Asi» onntinue to decline,
Finally, at the end of October, as stated above, the northern
hemisphere shows a typical winter pattern with the same tight
gradients with latitude as observed three months previously in the
southerr hemisphere. At 600 N, temperatures are uniformly cold
(215 + 79K) over Eurasia, the North Atlantic and North America,
but warm ov.r Alaska and the Bering Sea (225 + 79K). The global
picture doss not change appreciably between the end of October
and the week 20-28 November showan in Figure 6. Although the warm
area (224 + 79K) over the Horth Pacific has somewhat diminished
in size compared to the end of October, and it is now located over
the Gulf of Alaska, the isctherms over that area still show a very
definite departure from a zonal pattern and run northwest to
southsast over North America and northeast to southwest over east
Asia, V¥hile temperatures are still uniform with latitude over the
Atlantic and Eurasian continent and range from 213 + 79K at 60°N
to 225 + 79K at 409 N, the summer temperature pattern ir the
southern hemisphere is perfectly uniform with latitude and tem-
peratures range from 235 + 7°K at 60° 8 to 225 + 7°K at 350 S
(Figure 6), This pattern is identical tc the temperature pattern
during June, however, with northern and southern latitudes
reversed,

~l3a
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C. The "Aleutian Anticyclcne®,; December 1963

An unexpqctediy warm stratosphere occurring as a
regular climatological feature during winter in the general area
of the Aleutian Island chain has long been recognized as the cause
of a ctrong anticyclonic stratospheric clrculation system in that
area (Reference 10). Such circulation is unusual because in winter
one would expect a very cold siratosphere resulting .n a cycionic
circulation symmetric around the winter pole. Indeed, this cyclone
erxists, but in the northeran hemisphere during mid-winter it is
strongly disturbed and displaced by the Aleutian anticyclone. The
morphology of this stratospheric warming over the North Pacific
has received much attention in the past and a number of *heories
have been advanced attempting to ¢xplain its origin on the basig
of dynamic processes (Reference 11), The satellite temperature
measurements made it possible to follow the variation of mean
temperatures in the lower stratosphere over this entire region
throughout the winter of 1963, Figure 7a shows the temperature
measured by the satellite between 40° W rnd 160° E and 20° N and
659 N averaged for the week from 5 tc 12 December. Globally, there
is practically no change from the pa‘:terns shown in Figure 8§,
except that the warm North Pacific region, which previcusly had
remained at higner temperatures because it simply cooled slower
than the other a."as, has now actually warmed between the end of
November and early December. It is centered at the end of the
Aleutian Island chain and stands out clearly with temperatures of
232 + 7°K. An analysis of temperatures at the 30 mb levei from
conventional radiosonde observations analyzed and ~btained from
the Freie Universitaet Berlin for the same area and time i% shown
in Figure 7b for comparison. Th2 excellent agreement in the
patterns between the two maps can serve as a measure of the validity
of the satellite data. As can be seen from Figures 8, 9, 11, and
12, the Aleutian warm region is a permanent feature of the entire
winter from the week of 5-12 December o¢n, Hawgver, al though

=15~
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temperatures within i-e warm center had not shown an actual

increase until 5~12 becember, a warm area in one form or anothe:
was present since the end of summer over the North Pacific as
described above and shown in Figures 4, ¥, and 6, This means that
during this vear *he winter anomaly over the Pgcific, though
variable in extent during early winter, grows directly out of the
summer conditions without ever reaching as low temperatures as
other portions of the northern hemisphere do. Although, during
early December, the system takes on a more permanent for~ and
location and intensifies somewhat, it originatvu uwot because of a
sudden heating phenomenon during wianter, but simply because it
refused to cool off at the end of summer. Nrturally, there must
be a mechanism to maintain the higher temperature during winter,
while other regions at equal latitudes cool rapidly. It shouid
be noted that those dynamic mechanisms which would have t$ dspend
on the existence of the complete winter cyclone could not explain
the warm regions which already exist even before the cyclone is
fully established. It might be interesting to investigate
mechanisms by which the warm regions can be maintained throughout
the winter by absorption of infrared radiation.

The satellite measurements show that the situation in the
northern hemisphere is actually 10t vastly different from the
southern hemisphere where a warm region over the southeastern
Indian Ocean, though not quite as intense as the Aleutian one,
persisted throughout the winter and then spread to make one half
of the hemisphere almost 15K warmer than the other. In the
northern winter, almost a mirror image of this process occurs:
the Peocific is warm and the Atlantic and Burasia are cold, while
in the south the Pacific is cold snd the Atlantic and Indian
Ocean areas are warm., In the north, the temperature gradients
between warm and cold regions are somewhat greater (about 209K



between 180° W and 40° W at 602 N)., Of course, so far satellite
data exist only for the seasonal . cle 1963/64, and the obser-
vations described here must be tested by experiments in futur:
years,
D. Solstice, December 1963

Between November 1963 and the middle of January 1964,
thore is very little change from the temperature pautterns shown in
Figure 6. Az discussed above, the Aleutian warm center becomes
somewhat stronger and quite slationary during early December and,
in contrast, the Atlantic and Eurasian cold regimes remained
unchanged with very tight latitudinal temperature gradients and
isotherms aligned with latitude during the week 15-22 January
1964 (Figure 8a). It is interesting thut the temperature
difference of about 15°K between 60° N and the tropical belt over
the eastern portion of the northern hemisphere is lesgs than
the longitudinal temperature difference between the Aleutian
warm center and the North Atlantic at 60° N. A similar situation
existed in the southern hemisphere at the end of winter (Figure 5);
but during the solstice, the Australian warm area did not extend
to such high latitudes as the Aleutian area does. As shown in
Figure 8a, the mid-latitude and tropical regions have cocled
considerably; and the temperature between 25° S and 40¢ N is now
about 218 + 79K, while earlier temperatures in the same zoné
ranged near 225 +.79K. This remarkable cooling over so wi.e an
area is particularly significant since it precedes by about one
week the occurrence of a stratospheric warming cver western
Asia. Instrumental degradation camnot be responsible for such a
temperaiure decrease, since Figure 12 aces indicate higher
temperature again in March., Also, ever since November temperatures
at high southern latitudes remained urchanged. Relatively
noderate and very uniform temperature zonal temperature gradients
exist at all longitudes, Temperatures at 60° S are 235 + 79K.



Temperatures of 231 + 79K at 50° § and of 206 + 70K
at 60° N (eastern portion only} are ccmpatible with the computed
temperatures of 238 and 213YK respectively for the “summer™ and
"cold winter" proliles (Table I). Temperatures calculated for
the 'tropical®” profile (2270K,Table I) are sbout 2°K higher than
those measured in the now cold mid-latitude belt (218 + 79K).
Mean temperatures of 232 + 79K in the center of the Aleutian warm
region measured during December suggest that the average tem-~
perature of the stratosphere in the 15 to 35 nm region was about
129X higher than that shown in the "warm winter™ profile of
Figure 2, which yields a mean temperature of caly 2259k (Table I1).
0f course, such a temperature profile in this particular altitude
region is merely postulated since, for example, a iow aver:u;e
stratospheric temperature of 205%K in the altitude region from 15
to 35 km, sucn as shown in the "cold winter" profile, Figure 2s,
could be balanced by an extraordirarily high average temperature
of 300°X in the region from 35 to 60 km to produce the measured
radiation temperature of 239°K., But, such a temperature proc“ile
is much less probable than the one postulated, The validity -f
the assumption of an average stratosphere temperature increase of
129K between 15 and 35 km is alsc suggested by comparing the
satellite measurements at low zadir angles (0-40°, Figure 8a) to
those at high nadir angles (52-58°, Pigure 8b). Temperatures
over the Aleutian warm area are practically the some at both nadir
angle ranges indicating a nearly isothermal or at least a very
slowly varying tcumperature gradient with altitude in the region
where the weighting functions ¥Y(h) are at their maximum (15-35
km, ®igures 2b and 2c). A temperature profile such as the one
mentioned above with a mean temperature of 205K between 15 and
35 km and 300°K between 35 and 60 km would produce a differunce of
90K between the radiation temperatures measured =zt 09 nadir and
at 58° nadir angle. Figures 8a and 8b, however, indicate no
temperrture difference at all over the Aleutian warm area., Thus,
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one finds %that the difference .n the mean temperatures :tween 13
o 35 km level and the 35 tc 50 km l..vel cannnt he excessively
large, and wi*h that restricticn, a temperature increase of 109K
for the stancard "warm winter" profile from 15 to 35 km follows
for the North Pacific arca., Similarly, one finds that tizre is
no “eémperaiure differences for the two nadir angles ¢ r~r the
Korth Atlantic and Noriheru Burope {Figurcs Sa and 8b) which agrees
well with ‘he calcuiated differences of 19K for the "co. 3 winter"
profile. The larger temperature differences over the tropics-the
2200K is rtherm is about 10° further north in Figure 8b than in
Figure Ga-indicate the rapid tempeiatu. > increase wi‘h altitude
above 15 km and agree well with the comput.d difference of 49K
for the "tropical® profile (Table I); while the calculated values
of 238 and 240°%K for "high latitude summer" :Table I) agree well
with the observed temperatures (--79 correctio.; and temperature
differerices between 50 and 55° S,

This picture has changed considerably «uring late
Janvary (Figures 1lla apd 11b) where temperature differences at
mid-latitudes and in {ihe tropics over the entire eastern hemisphere
are as high as or exceed the diiferences c¢bserved previously within
t-e tropics. Such large Aifferences exceeding 5K extend parti-
cularly intc Nortn Africa, the eastern Medifterranean and the Ngar
East (Figures 1lla and 11lb). This indicates that neither the
"tropical® nor the "summer"™ temperature profiles (Figure 2a)
apply in this ..se, In that area, tempevatures at 15 km mast be
somewhat higher than ihose given by the "iropical" profile; and
there must be a proanounced in:rease of temperature with altitude
resulting in a very warm upper stratosphere, i.e. a very strong
vei*ic¢ol temperature gradient between the lowor and uvpper
etratosphere. It is significant that this change has orcurred
over the area into which the sudden warming, described below, has
moved in its decaying stages.



E. Sudden Warming, January 19t4
The tvpe  temperature measurement from a satellite

described here was expsocted to be most uszfonl for trh. J=tection of

]

- ~
1 ato-

{12 cccuxrrence and the observation of the behaviocr of

ry

spheiic warmings. These warmings were first observed over
Rerlin hy Scherhag {Reference 12) and have since then been the
subject of iu..nsive observation and analysis {(Reference 132). The
sudden warmings have now been observed almost svery year during
the northern hemisvhere winter and, Jduring their occurrence, the
lower stratosphere over a limited area may be heated by as much
35 309K within a few days. Causes for such warmings have thus far
not been explained, 1In contrast to the Aleutian warm center
described akove, the sudden warmings show no regularity in their
time and location c¢f occurrence. In order tc be detectable by
the TIROS radiometer, the warming must occur at altitudes between
15 and 35 km, or, if 1t occurs at other levels, it must be
unpropertionally intensa. Calculations based on the "warm winter™
temperature profile of Figure 2a show that a uniform temperature
increase of 129K between 15 and 35 km will ircrease the radiation
temperature by 109, while a similar change of the temperature
profile between 34 and 44 km will cause a rise in the radiation
tempeiature of less than 1%K,

A number of small and weak warmings occurred over
America and Europe during December 1963 and January 1964, but
those 4 not penetrate to altitudes below 30 km {(Referenc: 14).
Therefor., they could not be detected by the satellite. During
ihe last week 0f January (22~29), however, a warming of apparently
moderate intensity occurred over the regica of the Caspian Sea,
extending between the Himalayan Mountains and the Black Sea
(Figure 9a). Radiation temperatures over that area have increased
by about 8%K ovr.r the previous week (Figure 8a). During that
week (15-22 Jauuary), there was practically no indicatien of any

18-
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disidrbance in the perfect latitudinal temperature structure
over tha% cegion, except perhaps for a very small area over Iran
where a temperature increase of about 2-3 degrees could be
observed; but in the high nadir angie measurements, there is an
indication of increased temperatures over South Central Asia
{Figure 8b) inferring that the subsequent warming might have

o ah b ]
B S -N

in the wupper ztratogphere {nhove 20 km) in that aresa.
Unfortunately, the warming developed in an area where nc con-
ventional meteorological daca at these altitudes are available,
and the satellife observations provide the only method of
analyzing the event. Furthermore, even the satellite observations
are limited in coverage, since this area is located near the

data gap over the central Soviet Union which exists because of

the particular geometry of the data readout stations for TIROS
\see above), The satellite data were, therefore, analvzed for
individual days of 22, 24, 23, 26, 27, and 29 January. These
daily analyses showed that the temperatures within the warm center
were as high as 230 + 79K on 29 January, but because they extended
only over ve_.y small regions ar” because of the motion of the
center from day to day, these high temperaturzss became obscured

in the weekly averages (Figure 9a). The first definite indication
of the warming ~ccurs on 22 January, where a small and relatively
weak warm center of 223 + 79K appears over Pakistan, Afghanistan
and Zastern Iran. This is already a tew degrees higher than the
average temperature over the same area for the preceding week of
14-22 January (Figure 8a). Iwo days later on 24 January, the

warm region had spread out somewhat to the north, and the center
had also moved in that direction but had not significantly
intensified. On 25 January, temperatures of 225 + 79K range over
the entire middie East extending as far eastwnrd as central

China. The center is now just east of the Caspian Sea and has

just barely reached . temperature of 23C + 79K, ©On 26 January,
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the same situztion prevails with the center becoming siightly
warmer and larger. On 27 Januar;, the center has grown consider-
ably larger and temperatures of 230 + 79K extend cver an area of
at least 306° longitude and 100 latitude northeast of the Caspian
Sea. The 225 - 7°K isotherm has advanced t» a latitude of 50° N,
causing a tremendously tight temperature gradient over northern
Furope where temperatures increa-e by more than Z0CK from southern
W¥orway to the Black Sea, Dusz to the warminag, isotherms have been
tilted to follow a course from scutheast to northwest instead of
the perfect eastwesterly directicn still prevailing on 22

January. Finaily, on 29 Jantary a warm center extending over 10°
great circle arc with temperatures of 430 + 7°K stretches from

the Black Sea castward to China, One 225° isotherm now runs
east-west along the 40th parallel between 40° E and 80° E. The
cther runs southwest to northeast from the Black Sea to about

50° E and 55° N. The center is located near 65° E and 50° N,

This situation is summarized in Figure 10 which shows that on 27
January the radiation temperatures had increased by 15°K over the
averages for the week 9-15 January near the center and that the
periphery of the warming extended as far west as the Nerth Sea,
and *he Atlantic and as far south as North Africa and Arabis.
Figure 1lla shows that during the week 31 January to 8 February

the warming had passed its climax. Rather homogeneous temperature
patterns with latitude return over northern Europe and eastern
Asia, but south of 40° N a broad warm area of about 223 + 79K now
covers the entire region between 40° N and 252 S latitude and

1100 W and 80° & longitude (Figure 1lla), This means that the
aid-latitude belt which had cooled so drastically before the
warming had been restored cluse to its normal temperature of about
223 + 7K between 252 S and 40° N, Figures B, 9, and 11 show that
the Aleutian warm center had remained undisiurbed durinz the
entire period of the warﬁing. On 30 January, <he warming was
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detected by a radiosonde asceni over Berlin, the only ¢ne available

for this analysis (Refercnce 15). This radiosonde temperature
profile, when compared to a prewarming profile chows that the
warming over Berlin occurred primarily above 30 km, For the week
of 22-29 January, temperatures at high nadir angles are about £°K
higher than at low nadir anglies not only over the warm center, but
also extending far beyond the cenier, particularly aioug the
southern ard wesiern weriphery of the warming (Figures 9a and 9b).
This means that over the center temperatures have increased not
only in the lower stratosphere but more so in the upper strato-
sphe.~. The much greater extent of the warming in the high nadir
angle temperature patterns compared to the low nadir angle patterns
suggested that along the westera and southern periphery the warming
occurred only in the upper stratosphere, This confirms fthe above
mentioned radiosonde cobservation over Berlin., Since the much
larger warming (13%°K) in the center would reguire an unreasonably
large temperature if the warming were confined to altitudes above
30 kn, and since such a strong vertical temperature gradient would
be clearly noticeable as a much greater temperature increase at the
larger nadir angles, it must he concluded that tiue warming near
the center penetrated to much lower dltitudes where the ¥ functions
are at maximum, If the warming occurred uniformly at altitudes
from 15 to 35 km, a temperature increase of abcut 150K would
satisfy the radiation measurements. Such an increase is guite
commensurate with a moderate stratospheric waming.
F. Equinox, March 19€4

The global temperature structure undergoes a major
change during the period from early February (Figure 1lla) to the
week uf 18-25 March shown in Figure 12, The steep zonal winter
time temperature gradients at high northern latitudes, particularly
over the eastern hemisphere as well as the zonal summer pattern in
the southecn lremisphere have disappeared. The southern hemisphere
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has cooled considerably, and parts 92f the ncrthern hemisphere

have warmed, This results again, as during the September equinox,
in an almost constant temperature over the entire guasi-globe.

In fact, temperature gradicnts, loagitudinally or latitudinally
are even shallower than during September, Over the eastern
Pacific, there is no temperature gradient at all between 60° S and
60° N, with temperatures of about 223 + 7%K prevailing at all
latituades. As the southern hemisphers cools, a temperature
gradient along 60% 8 seems to develop similarly as during the
previous winter, The South Indian and Atlantic Jceans are now
about 59K warmer than the Sotvth Pacific.

i the northern hemisphere near 607 the North
4tlantic and northesst North Americs have warmed 1ap idly by about
200K since February, while the region east of the “Jlack 3ea,
where the sudden warming occurred in January, has returned to its
pre~-warming winter temperatures of 217 + 7°K. Temperatures in
the Aleutian region have remeined practically constant throughout
the winter and are still at abeut 228 + 79K. This produces
temperature differences of about 10°K between the Atlantic and
Pacific warm regions and central Asia at 50° N. That is the
largest temperature difference found during this equinox
(Figure 12). Since these data have been reduced only very
recently, there has not yet been an adegquate opportunity to
analyze the January to March transition as thoroughly as the June
to October period. Such an analysis will be made in the future.

IV, CONCLUSIONS AND SUMMAR®

Satellite measurements of emitted radiation in the 15 micron
carbon dioxide band have demonstrated that mean temperatures in
the lower stratosphere can be mapped on a global scale, By
comparing measurements at high and low nadir angles, a quali-
tative inference can be made about the vertical temperature
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gradient between the lower and upper stratosphere, Analysis of
global temperature ;-tterns from June 1963 to March 1964 revealed
that temperature patterns in both hemispheres remain relatively
undisturbed during summer. These patterrs are oriented very
precisely along latitude circles with the temperature maximum
occurring at the summer pole., Near maximum temperatures are reacned
ia the southern summer about one month after ..~ eguinox. After
that, temperatures increase only siightly through the solstice

and remain high until the next 2quinox. The northern summer

could only be analyzed througk its peak and declining phases, June
to September 1963. Temperatures decline very slowly during the
first two months following the solscvice. Then, a rapid decline
occurs just before the eguinox. During both equinoxes, tem-
peratures were relatively un.form and differences of about 10-159K
may exist both with i1atitude and longitude., Winter temperature
patterns in bcilh honispheres exhibit strong temperature gradients
between the po’. ana 40°, but a completely uniform pattern never
~exists in eiiaer winter hemispanere. A fairly uniform region with
temperaturec generally a.c:nd 2309K extends beiweer 250 latitude
of the summer hemis; nose wad 40° iatitude of the winter hemisphere
during solstice. 7The satellite measurements net conly permitted
for the first time a continuous analysis of the southern hemisphere
from June 1963 to March 1964 up to a latitude of 65C S, but also
demonstrated the usefulness of uniform and continuous data
coverage over the entire quasi-globe. A warm area over the Indian
Ocean. though initially small, seems to play a similar role in the
southern winter as'the Aleutian warm ceater during the northern
winter. During winter 1963, this warm region grew out of a dis-
turbance in the isotherms during June and finally divided the
entire stratosphere of the winter hemisphere into a "warm" and
"cold" pertion with the warm portion located between Africa ar?d
Austraiia., Temperature differences between these warm and ccld



areas amounted to abont 159K and disappear with the warning of the
South Pacific area during late October, giring way to the homo-
geneous summer va*tern. Similarly, there is nc hcmogeneous winter
pattern in the northern hemisphere, A large region over the

North Pacific does not cocol off as rapidly after the eguinox as
the rest of the stratocphere, Just before the solstice, this
region becomes well established and intensifies in the area where
the Aleutian anticyclone is usually found.

‘The morphology of a stratospheric warming over southwestern
Asia and its penetration to Eurone was Obsarved by the satellite
indicating that heating of possibly 200K penetrated down to at
least 20 km over the center of the warm.ng, but at the periphery
warning of perhaps somewhat graater magnitude remained at altitudes
above 30 km., The persistent climatological inhomougeneities of
warm cells over both winter hemispheres lead to the speculation
that during winter the stratospheric temperatures may be influenced
by radiation from underlying surfaces, while during summer solar
heating is dominant.

A study was alsc made of the effect of how high altitude
clouds on the measured temperatures, since ine weighting functions
(Figure 2b) are not negligible at 10 km. The result indicated that
very large and high cloud systems such as hurricanes do decrease
the measured temperatures by as much as 109K if the clouds reach
above 10 knm and by less than 49K if the clouds, filling the field
of view are at 6 km; but it was shown that such effects are only
isolated and are averaged out by the weekly znalyses which formed
the basis for this investigation.
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Fig. 1(a)

Fig. 1(n;

rig. 2(a)

Fig. 2(b)
Fig. 2(c)

Fig. 3(a)
Fig.3(b)
Fig. 4

Fig. 5

FIGURE CAPTIONS

Effective spectral response of the TIROS VII 15, channel
== =» function of wavelength,

Avercge gquasi-global equiva’ent blackbody temperatures
vs, time. The heavy dashed curve indicates the derived
apparent degradation in the instrumen®al response.

Typical temperature profiles based con propeged supple-
ments to the "U. S. Standavd Atmospnere 162" for 60°
North summer, 80° Mo.th winter (warm and cold) and

159 North. The "warm'" and "cold" l_mperature profiles
for 60° N {"high latitude winter") c2a be comnsi’ered
typical at these latitudes depending cn the state of
the siratosphere in these regions. The suppliements

to the U. S, S8tandard Atmosphere 1962 are in the
process Of preparation by the U, S. Committee for
Extension of the Standard Atmosphere and were summarized
by Cole, et al (Reference 16).

Weighting functions ¥(h), applying to the measured
outgoing radiance N; nadir angle = 0°,

Weightir - _uncticns, ¥(h), applying to the measured
outgcing radiance N; nadir angle = 58°,

Quasi-global map of 15. eguivalent blackbody temperatures
averaged over the week 19-25 June 1963; nadir angie
00409, Radiation data cannot be obtained cutside the
area enrclored by the dashed border,

Quasi-glokal map of 15y equivalent blackbody temperaturcs
averaged over the week 19-25 June 1963; nadir angle
520.580, Radiation data cannct be obtained outside the
area enclosed by the dashed border.

Quasi-global map of 15 equivalent blackbcdy temperatures
averaged over the week 11-18 September 1963; nadir angle
00.-40¢, Radiation data cannot be obtained outside the
area enclosed by the dashed border,

Quasi-global map of 15, equivalent blackbody temperatures
averaged over the week 25 September-]l Octcber 1965; nadir
angle 0°0-40°, Radiation data ca.not e obtained outside
the area enclosed by the dashed border.



Fig, 6

Fig.

Fig.

Fig.

Fig.
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Fig.

Fig.

7(a)

7(b)

8(a)

8{b}

9{a)

3(v)
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TIGURE CAPTIONS{(Continued)

Quasi-glcpal map of 15y equivalent blackbody temperatures
averaged cver the week 20-26 November 1962; nadir angie
0°-40°, Radiation data cannot be obtained cutside the
area qnclosed by the dasked border.

Map frem the North Pacific to the North Atlantic of 15y
eguivalent blackbody temperac.res averaged over the week
5-12 December 1963; nadir angle 0°-40°,

Hap from the North Pacifi~c to the North Atlantic of 30 mb
ai~ temperatures measured by radiosonde balloons
averaged over the week 5-12 December 1263 (Reference 16).

Zuasi-~lobal map of 15y equivalent blackbody temperatures
averaged over the week of 15-22 January 1964; nadir

angle 09.409, HKadiation data cannot be obtainea outside
the area enclosed by the dashed border.

Quasi-global map of 154 equivalent blackbody temperatures
averaged over the week 15-22 January, 1964; nadir angle
520-580, Radiat(on cdata cannot he obtained outside the
area enclcsed by the dashed border.

Quasi-global nap of 15, ecuivalent blackbody temperatures
averaged over the week Z2- "29 January, 1964; nadir angle
09..40C, Radiaticn data cannot be obtained outside the
area enclosed t,; the dashed border.

Regional map of 15u equivalent blackbody tempera’ures
averaged over the week 22-29 January 1964; nadir angle
520..,80, The effects of a stratospheric warming ovey
Eastern Europe are illust-ated. No essential change in
the temperaturea occurred in other areas c¢f the quasi-
globe relative to rigure 8(b).

Rcgional map of the differencecs bhetween the 15y eq i-
valent blackbwdy temperatwrres measured on 27 January
1964 and those averaged over the week 9-15 January;
nadir angle 0°-40°, The effects of a stratospheric
warning over Eas tern Europe are illastrated,
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Fig. 1i{a)

Fig., 11{b)

rig.

12

FIGURE CAPTICNS{(Continued}

Quasi-global map of 15. eguivalent blackhody iemperatures
averaged over the week 31 January-8 February 1964;

nadir angle 0°-40°, Radiatlon data cannot be cbtained
outside the area snciosed by *the dashed border,

Quasi-glchal map < 154 equivalert ble~kb~dy temperatures
averaged ov=r the week 31 January-8 February 1964; nadir
angle 52°.58°, Radiation data cannot be chtained cut-
side the area enclicsed by the dashed border,

fquasi-global map of 15, equivalent blackbody temperatures
weraged cver the week 18-25 March, 1964; nadir angle
00..40¢, Radiaticn data c~nnot be obtained cutside the
srea enclosed by the dashed border,
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